Scientists are certain that a number of synthetic chemicals act like hormones (e.g. estrogen) and interact with the human hormone system. Scientists also agree that the magnitude of the problem (including human exposure) is uncertain. Therefore, the analysis of phenols in natural wastewater and soils is of prime importance to environmental organizations due to their frequent occurrence in a wide range of industrial waste and natural water. They are toxic and have an effect upon aquatic organism including bioaccumulation in the tissue of fish.
1
Numerous energy-related industries produce alkyl phenols as by-products in the manufacture and use of petrochemical products. 2 For example, 4-nonylphenol has an estrogenic effect in nature, which can cause the feminization of male fish, resulting in a lack of reproductive success. 3 Bisphenol A has been found in a diverse range of products like the interior coatings of cans and drums, etc., 4 water main filters, artificial teeth, nail polish and food packaging materials. 5 In addition, the environmental pollution of soil by phenols and pesticides is a major environmental concern.
Many methods for determining hexachlorobenzene and pentachlorophenol in soil samples have been reported. [6] [7] [8] [9] A method for Bisphenol A in water was also developed. 10 Recently, we reported a successful application of the liquidliquid extraction method for determining endocrine disruptors in different water samples. 11 Moreover, an on-column silylation method for the analysis of phenols in water samples using solid phase micro-extraction has been reported in our laboratory. 12 In this paper, a GC-MS method for the determination of total phenols from soil samples using Soxhlet extraction is reported. Extraction from soil was done with dichloromethane. A derivatization step was carried out with BSTFA. The silylate derivative was analyzed by gas chromatography-mass spectrometry.
Experimental

Reagents and standards
The phenolic compounds studied were: 4-t-butylphenol, 2,4-dichlorophenol, 4-pentylphenol, 4-hexylphenol, 4-t-octylphenol, 4-heptylphenol, 4-nonylphenol, 4-octylphenol, pentachlorophenol and bisphenol. All of the phenols were supplied by Kanto and TIC chemicals (Tokyo, Japan). Standard solutions (1000 ng/ml) of each compound were mixed and prepared in dichloromethane (DCM) and stored in a refrigerator. Working solutions were prepared weekly by diluting these solutions with DCM. Internal standard solutions (100 ng/ml) of anthracene, naphthalene and fluorene were prepared with DCM; N,Obis(trimethylsilyl)trifluoroacetamide (BSTFA) was supplied by Wako Pure Chemical Industries, Ltd. (Osaka, Japan). BSTFA was used as a derivatization reagent. All solutions were stored in dark bottles and refrigerated.
Gas chromatography-mass spectrometry
The details of the GS-MS system used in this experiment are reported in references. 11, 12 
Soxhlet extraction
Soil samples (20 g) were extracted as follows: they were air dried for 24 h in an oven, kept at 60˚C, ground, homogenized and sieved. The soil samples were extracted using 120 ml DCM for 24 h at a rate of six cycles per hour in a Soxhlet extraction apparatus. The complete extraction and clean up process is shown in Fig. 1 .
GC-MS conditions
A 1-µl aliquot of the extract was injected using the splitless mode with the split closed for 5 min. The GC-MS conditions used for the analysis of phenols are given in references.
11,12
Analytical parameters
Calibration graphs for the samples treated according to the described analytical procedure, were made using the SIM mode. Different concentrations of phenols (10 ng/ml, 20 ng/ml, 50 ng/ml, 100 ng/ml, 300 ng/ml, 500 ng/ml, 800 ng/ml and 1000 ng/ml) were used to establish the calibration curve. Each of the concentrations was repeated 20 times. They were linear for the concentration range 10 -1000 ng/ml of the phenols target.
Results and Discussion
A Soxhlet extraction method was adopted to extract phenols from soil samples. Various solvent systems, such as hexane, diethyl ether and dichloromethane, were tested for the extraction of phenols from the soil samples. The recovery results were very low with hexane and diethyl ether. The recovery results were enhanced with DCM.
Effect of an internal standard
Three internal standard solutions were used in order to compare the best recovery test for the extraction of phenols from soil samples. The recovery tests of naphthalene, fluorene and anthracene internal standard ranged as follows: 12.5 -61.1%, 14.3 -70.0% and 59.6 -90.9%, for naphthalene, fluorene and anthracene, respectively. Because high recovery was obtained with anthracene, it was used throughout the experiment.
Derivatization procedure
The silylation peaks are several times greater than the peak without silylation and the phenol-silylate peaks have a significantly better peak shape than free phenols and can be separated more efficiently.
Linearity of the calibration curve
A Soxhlet extraction method was developed for phenols. Most of the analytes were linear from 10 -1000 ng/ml, with a correlation coefficient (r 2 ) ranging from 0.969 to 0.984; the slope and intercept of all the phenols studies were varied from 0.27 to 3.17 and -0.025 to -1.59 for the slope and intercept, respectively. The detection limit was 1.0 ng/ml for all phenols studies. The detection limits were calculated by comparing the signal-to-noise (S/N) ratio of the lowest detectable concentration to an S/N of 3. All procedures were carried out in triplicate. The precision of the method was determined by running 20 consecutive injections. The Ac/AI.C ratio of the integrated area of the compound to the integrated area of the internal standard (anthracene, 100 µg/ml) ranged from 0.083 to 1.072 for the total phenols studied. The obtained precision was ranged from 3.1 to 9.2% RSD.
Application of the proposed method
The proposed method was applied to analyze phenols from a real soil sample; different soil samples were analyzed. The obtained recoveries ranged from 59.6 -90.9% and the relative standard deviations (%) ranged from 303 to 8.7. The obtained results are satisfactory and within the acceptable levels. 13, 14 The relative standard deviations were obtained by injecting each soil sample (20 g) with 200 ng/ml of a mix standard phenols (n = 8).
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ANALYTICAL SCIENCES OCTOBER 2001, VOL. 17 The obtained RSD (%) demonstrates the precision of the method. The reproducibility of the proposed method was determined by injecting three different phenol concentrations (20 ng/ml, 100 ng/ml and 500 ng/ml) to a soil sample; each concentration was repeated five times, and a total of 15 replicates were performed. The obtained relative standard deviation values varied from 2.2 to 9.7%. A chromatogram of the total endocrine disruptors from soil sample is shown in Fig.  2 In conclusion, the proposed GS-MS method has been successfully applied to the separation and detection of the total endocrine disruptor (phenols) in environmental soil samples. Despite a long extraction treatment procedure, the recoveries were satisfactory and total analysis has been achieved. A comparison was not made with other extraction techniques. A statistical analysis of the recovery values has confirmed the precision and accuracy of the method.
